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The present investigation included diet composition and feeding habits of sin croaker (Johnius dussumieri) based on the 
monthly examination of 1031 specimens along Ratnagiri coast of India from December 2009 to November 2011. Results 
indicate that J. dussumieri is a carnivore feeder and feeds upon narrow range of food items. Crustaceans were identified as 
most dominant food items followed by teleost fishes, molluscs and planktonic forms like fish egg and Salpa. The species 
preferably feeds on a marine crustacean i.e. Acetes spp. The feeding intensity of J. dussumieri was found poor during April 
and September. The analysis of Kendell‘s coefficient of concordance indicated relatively stronger association (W = 0.64,  
p < 0.05) of choice of food items with season, while the same did not hold good for different size groups. Therefore, the 
differential feeding habit was evident among the different size groups. The juveniles preferably feed on crustaceans, while 
the adults were observed to prefer small teleost fishes. The differences in the diet composition between adults and juveniles 
indicated the existence of different feeding habitats along the Ratnagiri coast of India.  
[Keywords: Sciaenids, Johnius dussumieri, Food and Feeding, Ratnagiri, India] 
Introduction 
The family Sciaenidae (Croakers, Drummers or 
Jew fishes) forms an important demersal finfish 
resource along the Indian waters. Sciaenids are 
represented by approximately 70 genera and 270 
species
1
 and are found distributed in the Indian, 
Pacific and Atlantic Oceans
2
. They inhabit coastal 
waters upto 50 to 70 m depth along both east and west 
coasts of India supporting fishery round the year
3
. 
About 48 species of sciaenids belonging to 27 genera 
are reported from the Indian Ocean
4
. Sciaenids are an 
important group of exploited demersal fishery, 
contributing around 1.66 metric tons (5.4 %) to the 
total marine fish landing of India
5
. Sin croaker, 
Johnius dussumieri (locally called ‗Dhoma‘) is a 
small sized sciaenid fish that forms about 8.4 % of 
total sciaenid catch in Maharashtra, India
5
. 
Feeding is one of the vital functions of all living 
organisms. Information on food and feeding habits of 
fishes facilitates understanding of their feeding 
adaptation, migration, growth and other related 
aspects
6
. Most studies on food and feeding habits of 
fishes have shown that feeding habitats of fish at 
different life stages differ in time and space, thereby, 
emphasizing the need to study in more detail the food 
habits of fish species
7
. The study of fish dietary habit 
based on stomach content analysis has been widely 
used in fish ecology as an important means of 
investigating trophic relationships among the aquatic 
communities
8
. Thus, it is imperative to examine food 
and feeding behaviour of aquatic organisms on a 
regional basis. 
Studies on food and feeding habits of J. dussumieri 





the differences in feeding habits of juveniles and 
adults of J. sina off Calicut coast. In juvenile fishes, 
the planktonic forms (mostly copepods) dominated 
the diet, while in adults it was mostly fishes and 
prawns. Further, Bhusari
11
 and George et al.
13
 
reported the dominance of fish prey and crustaceans 
in the gut content of J. sina from Ratnagiri and 
Cochin coast, respectively. Manojkumar
14
 reported  
J. sina as a carnivore mainly feeding on fishes, 
crustaceans and molluscs along Malabar coast.  
The phenomenon of overfishing has been 
documented for both coastal and open-sea ecosystems 
in world waters including the Indian Ocean by many 
research groups
15-17
. Overfishing dramatically impacts 
all levels of biological organization of marine life 
including populations, communities and ecosystems
18
. 
According to Pauly et al.
19
, overfishing also exerts 
significant impact on the food web of the ecosystem. 




They explained the phenomenon as ―Fishing down the 
food web‖. Though studies on food and feeding habits 
of J. dussumieri has already been undertaken 
previously; the present study specifically aimed to 
assess whether our understanding is different for 
populations off Ratnagiri coast especially when the 
resource is reported to be overfished. The findings of 
the present study would be useful for providing 
scientific advice and managing the fishery resource in 
future. Therefore, the present study was undertaken to 
find out the dietary composition and feeding strategy 
of J. dussumieri off Ratnagiri coast of India.  
 
Materials and Methods 
 
Study area and sampling 
The fish samples and the required data were 
collected on monthly basis during December, 2009 to 
November, 2011 from the commercial trawl catch 
landed at Mirkarwada landing centre in Ratnagiri of 
west coast of India (Latitude: 16º33'45'' - 17º35'00'' N 
and Longitude: 72º94'20'' - 73º14'15'' E in the Arabian 
Sea; Fig. 1). The trawlers from Mirkarwada landing 
centre of Ratnagiri coast were operating at adepth of 
25 to 75 m in an area (arc) about 20 miles north and 
south of Ratnagiri with trawl net cod end mesh size of 
25-30 mm. 
 
Stomach content analysis 
A total of 1031 fresh specimens of J. dussumieri were 
collected randomly from Mirkarwada landing centre 
every month during December, 2009 to November, 2011 
to study the stomach contents. No catch was examined 
during the month of June and July due to monsoon 
fishing ban every year. The specimens were dissected in 
order to examine the degree of fullness of stomach and 
were weighed after recording their total length and body 
weight. The stomach contents were examined in fresh 
condition after decanting the food item in clean 
petridish. The food items were identified down to the 
possible taxonomic level. The quantitative analysis of 
each food item was done by volumetric displacement 
method
20
. Food items in advanced state of digestion 
were treated as digested matter. Monthly data on 
stomach contents collected for two years were pooled to 
one year for further analysis, assuming the existence of 
similar trend of feeding pattern between the years under 
study.  
 
Index of Preponderance (IP)  
The index of preponderance (IP)
20
 provides a 
definite and measurable basis of grading various food 
items taking an account of their frequency of 
occurrence as well as bulk of various food items. The 
percentage of frequency of occurrence and volume of 
each food item in stomach samples under study were 
found out. The IP was calculated to find out the most 
preferred food item as: 
IP𝑖 =  
%𝑂𝑖 ∗ %𝑉𝑖
  %𝑂𝑖 ∗ %𝑉𝑖 𝑛𝑖=1
 ∗ 100 
where, IPi is index of preponderance of i
th
 food item, 
―%Oi‖ and ―%Vi‖ are the percentage of frequency of 
occurrence and volume of i
th
 food item, respectively 
and ―n‖ is the total number of food item types 
recorded from all the stomach samples. The highest IP 
value obtained by the prey is considered as the most 
preferred food item followed by others and vice versa. 
 
Index of Relative Importance (IRI) 
The Index of Relative Importance (IRI)
21
 is an 
integration of number, volume and frequency of 
occurrence to know the important food item found in 
the stomach. IRI accounts the number of individuals 
of each food item present in the estimated volume in 
each stomach contents as well as in all the stomachs 
under study, unlike index of preponderance. IRI holds 
good especially for carnivorous fishes. However, both 
the indices were followed to have reliable estimates of 




IRIi= (%Ni+%Vi) × %Oi 
where, %Ni, %Vi and %Oi are percentage of number, 
volume and frequency of occurrence of food item i, 
respectively.  
The concordance of ranks of the two indices  





Fig. 1 — Map showing location of sampling area along Ratnagiri 
coast of India 




or juveniles might have differences in their preferred 
food species and also food preference might vary  
with seasons. Therefore, Kendall's Coefficient of 
Concordance was applied to test the agreement of 
ranks based on seasons and size groups
23
. The 




Feeding Intensity  
The intensity of feeding was determined based on 
percentage of stomachs in different degrees of 
distension such as gorged, full, ¾ full, ½ full, ¼ full, 
trace, and empty
25
. Other method used in determining 
feeding intensity is Gastro Somatic Index (GaSI). 








Feeding strategy  
The frequency of occurrence of a given prey type 
was estimated as the ratio of stomachs in which that 
prey occurred to the total number of stomachs 
examined. The relative abundance of a prey was then 
determined as the percentage of total stomach 
contents (volume) in all predators comprised by that 
given prey. The percentage occurrence (%Fi) and the 
percentage abundance (%Ai) of prey type was 
estimated following Amundsen et al.
27
: 
%Fi = (Ni/N) × 100 and 
%Ai = (ΣSi/ΣSt) × 100 
where, Ni is the number of predators with prey i in 
their stomach, N is the total number of predators with 
stomach contents, Si is the stomach content (volume) 
composed by prey i, and St is the total stomach 
content of all stomachs in the entire sample. The 
method of Costello et al.
28
 was followed to explain 
the feeding strategy. The prey points close to 100 % 
occurrence and 100 % abundance represent the 
dominant prey taxa. Points clustered close to 100 % 
occurrence and 1 % abundance were considered to be 
indicative of a generalized diet, and points close to 1 
% occurrence and 100 % abundance were indicative 
of a specialization on certain taxa by some predators.  
 
Results and Discussion  
The food of J. dussumieri was composed of mainly 
Acetes spp. which was determined by about 14 % of 
the stomachs examined, 18 % by volume of all 
stomach contents and nearly 53 % of total number of 
food items recorded from all the stomachs (Table 1). 
Table 1 — IP and IRI of different food items of J. dussumieri during December, 2009 to November, 2011 
Food items % of Occurrence (Oi) % of Volume (Vi) % of Number (Ni) IP (%) IP Rank IRI (%) IRI Rank 
 Crustacean  
Acetes spp. 13.56 18.05 52.58 22.69 I 63.29 I 
Penaeid prawns 8.85 10.70 14.54 8.78 III 14.77 II 
Mysids 3.60 4.37 13.21 1.46 VI 4.18 IV 
Crab larvae 3.46 2.25 1.76 0.72 IX 0.92 VIII 
Squilla 1.94 2.42 1.68 0.43 XIII 0.53 XI 
 Fish  
Cynoglossus spp. 6.78 15.53 3.70 9.76 II 8.62 III 
Stolephorus spp. 4.01 5.92 3.49 2.20 IV 2.50 V 
Saurida spp. 3.18 5.07 1.51 1.50 V 1.38 VI 
Nemipterus spp. 2.63 3.56 1.12 0.87 VIII 0.81 IX 
Bregmaceros spp. 2.07 2.97 1.94 0.57 X 0.67 X 
Sciaenids 1.94 3.07 0.77 0.55 XI 0.49 XII 
Apogon spp. 1.11 2.02 0.47 0.21 XIV 0.18 XIV 
Leiognathus spp. 0.97 1.49 0.65 0.13 XV 0.14 XV 
Semi-digested fish 1.38 0.92 - 0.05 XVI - - 
 Mollusc  
Squids 3.04 3.63 1.08 1.02 VII 0.95 VII 
Cuttle fish 1.94 2.51 0.69 0.45 XII 0.41 XIII 
Octopus 1.25 1.14 0.39 0.13 XV 0.13 XVI 
Bivalve shell 0.28 0.11 0.09 0.00 XVII 0.00 XVII 
 Miscellaneous  
Fish egg 0.14 0.01 - 0.00  -  
Salpa spp. 0.14 0.05 0.13 0.00  0.00  
Digested matter 37.76 14.20 - -  -  




The IP and IRI indices for this food item was  
23 % and 63 % respectively, indicating the most 
preferred food item (rank I) for J. dussumieri off 
Ratnagiri coast. Among the crustaceans, penaeid 
prawns, mysids, crab larvae and squilla were the 
dominant food items next to Acetes spp. The group 
of fishes dominated in the stomach content of J. 
dussumieri were Cynoglossus spp., Stolephorus spp., 
Saurida spp., Nemipterus spp., Bregmaceros spp., 
sciaenids, Apogon spp. and Leiognathus spp. Among 
molluscs, squids, cuttle fishes, octopus and bivalve 
shells were recorded from the stomach content. The 
crustaceans were the dominant food (34.09 %) 
followed by fishes (15.79 %) and molluscs (1.61 %). 
The ranks assigned to different food items based on 
the IP and IRI scores are depicted in Table 1. The 
inter-reliability of two indices (IP and IRI) was 
tested. The Kappa statistics was estimated as 0.5748 
with SE = 0.1281, indicating 57 % agreement in 
ranking between the indices. The ranking of IRI has 
taken for further analysis as the species under study 
is a carnivore, where number of food items 




Month-wise %IRI of food items of J. dussumieri 
revealed crustaceans as the most dominant food item 
constituting more than 55 % (IRI) of the food items 
(Fig. 2a). The maximum score of IRI for crustaceans 
were recorded during the month of May (94 %) 
followed by February (90 %). The food item ‗fishes‘ 
scored more than 10 % of the food items during all 
months except during February and May. The third 
dominant group, molluscs constituted 1 to 5 % of the 
food of J. dussumieri from Ratnagiri coast. Kendell‘s 
coefficient of concordance indicated relatively 
stronger association (W = 0.64, p < 0.05) of choice of 
food items based on seasonal analysis, indicating the 
little seasonal impact on selection of the food items by 
the individuals. 
The size-based analysis of stomach content 
revealed that smaller individuals of J. dussumieri 
(105-145 mm) mostly feed on crustaceans with IRI 
score of nearly 90 % (Fig. 2b). The larger groups are 
carnivorous feeding preferably on fishes (%IRI = 50). 
The presence of molluscs in lower and higher length 
groups was negligible/ absent. While analysing the 
%IRI scores by using Kendell‘s coefficient of 
concordance it was found that the variation in feeding 
pattern among the different size groups (p < 0.05)  
was significant. There was no stronger association  
(W = 0.5) of the scores of food items among the 
different size groups, indicating the existence of 
differential feeding habits.  
The results suggest J. dussumieri is a carnivorous 
species feeding mainly on crustaceans, fishes, 
molluscs and plankton. The crustaceans were found to 
be the most dominant food item of the species 
throughout the year followed by fish, molluscs  
and plankton. Venkataraman
12
 reported prawns, 
polychaetes, teleosts, Acetes spp. and amphipods as 
the food of bottom feeding species. George et al.
13
 
also found similar results and reported amphipods, 
mysids, sergestids, megalopa and alima larvae, 
caridean, penaeid prawns, and polychaetes in gut of  
J. sina from Malabar and Cochin coast of India. 
Moreover, Bhusari
11
 also recorded teleosts, prawns, 
squilla, amphipods, polychaetes and molluscs in the 
gut contents of J. sina from the same region. Nair
9
 
reported that juvenile of J. sina fed strictly on 
zooplankton, predominately on copepod, while, adults 
fed mainly on fishes, prawns, polychaetes, 
amphipods, Squilla spp. and other bottom living 
organisms. Other investigators also reported similar 
finding from various parts of west coast of India
9-14
. 





were not observed in the present study from the same 






Fig. 2 — Variation in feeding habit of J. dussumieri (% IRI): a) 
Seasonal, and b) Size-wise 
 




Feeding intensity  
Sin croakers bear a sub-terminal, small mouth and 
thereby feed on prey of smaller sizes like Acetes, 
small variety of prawns, fishes and young-ones of 
cephalopods. Based on observation on stomach 
condition, fishes were categorised as highly fed 
(gorged and full), moderately fed (¾ and ½ full), 
low/poor fed (¼ full, traces) and with empty stomach. 
The poor fed and empty stomach fishes indicate the 
poor feeding intensity. In males, the stomachs with 
traces of food and often empty condition were 
encountered in most of the months. Out of 546 male 
specimens, the percentage of males with high, 
medium, poor feeding intensity and with empty 
stomach were recorded as 11, 22, 34 and 34 
respectively. The high and medium feeding  
intensity was recorded during December to May, 
while poor feeding intensity and empty stomachs 
were dominated round the year for males (Fig. 3a).  
In case of females, high, medium and poor  
feeding intensity were observed in 5, 16 and  
47 % respectively out of 485 specimens dissected. 
About 32 % of the specimens were recorded  
with empty stomach. Female specimens with high 
feeding intensity was dominant during February to 
August, while medium fed specimens were dominant 
round the year except during April-May and October 
(Fig. 3b). The females with poor fed and empty 
stomachs have dominated round the year. The 
incidence of occurrence of poor fed individuals was 





Calicut and Malabar waters and is in conformity to 
the present findings.  
The value of GaSI is another method used to  
assess the feeding intensity. The highest value of GaSI 
for male was observed in February (3.29) while the 
lowest was observed during April (1.57), indicating 
February and April as well fed and poor fed months for 
males (Fig. 4). In the case of females, highest value 
was recorded in November (2.68) and the lowest in 
October (1.56). However, from the trend of GaSI 
during all the months, it could be concluded that the 
species ceased to feed during April to September (Fig. 





 for J. sina regarding poor feeding 
intensity during the period and was attributed to the 
spawning activity. Similar observations were also made 
by Rao
29
 and Metar et al.
30
 for lizard fish from 
northwestern part of Bay of Bengal and from Mumbai 
waters respectively. Yamada et al.
31
 also observed low 
feeding intensity associated with the spawning period 
of lizard fish from East China Sea.  
 
Feeding strategy  
The relationship between percentage abundance 
and frequency of occurrence of prey items in gut 
content suggested feeding variation. Costello‘s 
graphical method
28
 revealed four groups of prey 
occurrence and abundance (Fig. 5). The first group 
was represented by Acetes spp. followed by 
Cynoglossus spp., penaeid prawn and Stolephorus 
spp., indicating preference towards one prey  
(Acetes spp.), as it was the only prey positioned  
in the upper right part of the graph and was consumed 
by more than 22 % of fishes examined. The second 
group found in the middle right part of the graph were  
 
Table 2 — Food and feeding habits of J. dussumieri reported by earlier investigations 
Authors  Food and Feeding habits Location 
Venkataraman12 Polychaetes, prawns, Acetes spp., teleost and Amphipods as main food off Calicut 
George et al.13 Sergestids, amphipods, fish, mysids, polychaetes, megalopa and alima larvae, caridean and 
penaeid prawns 
off Cochin 
Bhusari11 Squilla, prawns, amphipods, teleosts, molluscs and polychaetes Ratnagiri waters 
Nair9 Adults- fishes, prawns, polychaetes, amphipods, Squilla spp. and variety of other organisms 
living at or near bottom, whereas, Juvenile-zooplankton, predominately on copepod. 
Calicut waters 
Telvekar10 small fishes and crustaceans Mumbai waters 
Manojkumar14 Crustaceans, fishes, and molluscs (crabs and prawns formed the major diet of the species) Malabar coast 
Venugopal32 Non-penaeid prawn, Teleosts, Penaeid prawns, Stomatopods, Molluscs and Other crustaceans Cochincoast 
Present study  Fishes (Cynoglossus spp., Bregmaceros spp., Stolephorus spp., Nemipterus spp., Saurida 
spp., Leiognathus spp., Apogon spp. and sciaenids), crustaceans (Acetes spp., Mysids, 
Penaeid prawns Squilla and Crab), molluscs (cuttle fish, squids, octopus and bivalve shell) 
and plankton (fish egg and Salpa spp.) 
Ratnagiri waters 
 







Fig. 4 — Month-wise estimated Gastro-somatic index (mean ± 
SE) for male and females 
Cynoglossus spp., (> 18 %) indicating generalized 
feeding strategy and the  third  group,  penaeid  prawn 
(> 14 %) found in the centre of the graph indicated  
the third important food item. The fourth group  
found in the lower left part constituted most of the 
prey items (e.g. Saurida spp.,  mysids,  squids,  
Nemipterus  spp., sciaenids, Bregmaceros spp., crab, 
squilla, cuttle fish, Apogon, Leiognathus, and octopus 
spp.), indicating these as rare or less frequent prey 
(low frequency of occurrence and abundance) and 
therefore consumed occasionally. Hence, it can be 
concluded that J. dussumieri is a predator and  
shows preference for Acetes spp., penaeid prawns  





Fig. 3 — Monthly percentage occurrence of stomach fullness: a) Males, and b) Females 
 








Fig. 5 — Costello graphical explanatory diagram for J. dussumieri 
(a and b) from Ratnagiri coast (AC-Acetes spp., CY-Cynoglossus 
spp., PR-Penaeid prawns, ST-Stolephorus spp., SA-Saurida spp., 
MY-Mysids, SQU-Squids, NE-Nemipterus spp., SC-Sciaenids, 
BR-Bregmaceros spp., CR-Crab, SQ-Squilla, CU-Cuttle fish,  
AP-Apogon spp., LE-Leiognathus spp., OC-Octopus) 
 
Conclusion 
The sin croaker, J. dussumieri is a carnivorous fish, 
feeding mainly on crustaceans and teleost fishes. The 
crustaceans were found to be the most dominant and 
preferable food items throughout the year. Acetes 
spp., penaeid prawns, crab and squilla spp. were the 
dominant group of crustaceans, while Cynoglossus 
spp., Stolephorus spp., Saurida spp., Nemipterus spp., 
Bregmaceros spp., etc were the dominant teleost 
fishes recorded in the diet of J. dussumieri. The 
smaller individuals prefer crustaceans, while the adult 
prey upon teleost fishes along Ratnagiri waters. 
 
Acknowledgements 
The authors are thankful to Dr. W. S. Lakra, 
Director, CIFE, Mumbai and Indian Council of 
Agricultural Research (ICAR), New Delhi for 
providing necessary facilities for carrying out the 
present research work. 
Conflict of Interest 




Conceptualization: SKC and AKJ; Field 
investigation & sampling: TK, KMS, THS and  
SK; Writing – original draft: TK and SKB; Writing – 
review & editing: TK, DP and AA. 
 
References 
1 Nelson J S, Fishes of the world, 4th edn, (John Wiley & Sons 
Inc, New York) 2006, pp. 600. 
2 Sasaki K, Phylogeny of the family Sciaenidae, with notes on 
its zoogeography (Teleostei, Perciformes), Mem Fac Fish, 
Hokkaido Univ, 36 (1989) 1-137. 
3 Kamei G, Chakraborty S K, Deshmukhe G, Jaiswar A K, 
Devi HM, et al., Assessment of economic impact of juvenile 
fishing of sciaenids along Mumbai Coast, India, Indian J 
Geo-Mar Sci, 42 (5) (2013) 617-621.  
4 Lal Mohan R S, A review of the sciaenid fishery resources of 
the Indian Ocean, J Mar Biol Assoc India, 33 (1&2) (1991) 
134-145. 
5 Anon, Annual Report, 2010-11, (Central Marine Fisheries 
Research Institute, Cochin), 2011, pp. 133. 
6 Akhtar Y, Feeding habits and Nematode parasites of some 
fishes of Karachi coast, Ph.D Thesis, Department of Botany, 
Jinnah University for Women, Nazimabad, Karachi, 
Pakistan, 2008, pp. 21. 
7 Staples D J, Production biology of the upland bully 
Philypnodon breviceps Stokell in a small New Zealand lake. 
Life history, food, feeding and activity rhythms, J Fish Biol, 
7 (1975) 1-24. 
8 Fagbenro O A, Adedire C O, Ayotunde E O & Faminu E O, 
Heamatological profile, food composition and digestive 
enzymes assay in the gut of the African bony tongue fish, 
Heterotis niloticus (Cuvier 1829) (Osteoglossidae), Trop 
Zool, 13 (2000) 1-9. 
9 Nair K V S, Food and feeding habits of Johnieops sina 
(Cuvier, 1930), Indian J Fish, 27 (1&2) (1980) 24-34. 
10 Telvekar P A, Biradar R S, Chakraborty S K & Jaisawar A K, 
Some aspects of biology of Johnieops sina (Cuvier, 1830) 
from Mumbai waters, J Indian Fish Assoc, 33 (2006) 19-29.  
11 Bhusari B V, Biology and fishery of Pseudosciaena sina at 
Ratnagiri South Maharashtra, J Bom Nat Hist Soc, 72 (2) 
(1975) 357-367.  
12 Venkataraman G, Studies on the food and feeding 
relationships of the inshore fishes off Calicut on the Malabar 
coast, Indian J Fish, 7 (2) (1960) 275-306. 
13  George K C, Dayanandan M G & Nair P K, Food of  
some demersal fishes from the trawl Grounds off Cochin, 
Indian J Fish, 15 (1&2) (1968) 81-88. 
14 Manojkumar P P, Fishery of sciaenids with some 
observations on the biology and stock assessment of 
Johnieops sina (Cuvier, 1830) exploited along the Malabar 
coast, J Mar Biol Assoc India, 53 (1) (2011) 68-74. 
15 Pauly D, Tyedmers P, Froese R & Liu Y, Fishing down and 
farming up the food web, Conservation Biology in Practice, 
2 (4) (2001) 25. 




16 Myers R A & Worm B, Rapid worldwide depletion of 
predatory fish communities, Nature, 423 (2003) 280-283. 
17 Pauly D & Palomares M L, Fishing down marine food webs: 
it is far more pervasive than we thought, Bull Mar Sci, 76 (2) 
(2005) 197-211. 
18 Stergiou K I, Fisheries impact on trophic levels: long-term trends 
in Hellenic waters, In: States of the Hellenic marine 
environment, edited by E A Z Papathanassiou, (Hellenic Center 
for Marine Research, Athens, Greece), 2005, pp. 326-329. 
19 Pauly D, Christensen V, Dalsgaard J, Froese R & Torres F, 
Fishing down marine food webs, Science, 279 (1998)  
860-863. 
20 Natarajan A V & Jhingran A G, Index of preponderance- A 
method of grading the food elements in the stomach analysis 
of fishes, Indian J Fish, 8 (1) (1961) 54-59.  
21 Pinkas L M, Oliphant S & Iverson I L K, Food habits  
of albacore, Bluefin tuna and bonito in Californian waters, 
Calif Fish Game, 152 (1971) 1-105.  
22 Gwet K L, Computing inter-rater reliability and its  
variance in the presence of high agreement, Brit J Math Stat 
Psy, 61 (2008) 29–48. 
23 Legendre P, Coefficient of concordance, In: Encyclopedia of 
Research Design, Vol 1, edited by N J Salkind, (SAGE 
Publications, Inc, Los Angeles), 2010, pp. 164-169.  
24 SAS Institute Inc, SAS/STAT® 9.2 User‘s Guide. Cary, NC: 
SAS Institute Inc, 2008. 
25 Pillay T V R, A critique of the methods of study of food of 
fishes, J Zool Soc India, 4 (1952) 185-200. 
26  Desai V R, Studies on the fishery and biology of Tor tor 
(Hamilton) from river Narmada, J Inland Fish Soc India,  
2 (1970) 101-112.  
27 Amundsen P A, Gabler H M & Staldvik F J, A new approach 
to graphical analysis of feeding strategy from stomach 
contents data-modification of the Costello (1990) method,  
J Fish Biol, 48 (1996) 607-614.  
28 Costello M J, Predator feeding strategy and prey  
importance: a new graphical analysis, J Fish Biol, 36 (1990) 
261-263.  
29 Rao K V S, Food and feeding of lizard fishes (Saurida spp.) 
from north-western part of Bay of Bengal, Indian J Fish, 28 
(1& 2) (1981) 47-64. 
30 Metar S Y, Chakraborty S K, Jaiswar A K & Telvekar P A, 
Food and Feeding habits of Surida tumbil (Bloch, 1795)  
off Mumbai waters, J Indian Fish Assoc, 32 (2005)  
141-148. 
31 Yamada U, Tagawa M & Mako H, On the feeding activity of 
the lizard fish, Saurida tumbil in the East China Sea  
(In Japanese, English synopsis), Bull Seiko Regn Fish  
Res Lab, 34 (1966) 11-25. 
32 VenugopalN, Pillai N G K & Prakasan D, Food and feeding 
habits of Johnieops sina (Cuvier, 1830) along Cochin coast 
of India, Indian J Fish, 61 (1) (2014) 103-107. 
 
 
